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We discuss the quark masses in a top condensate model where not only two quark but also four
quark composite states may exist. We show that the presence of the top color group SU(3)1×SU(3)2
with the correct quark representations can justify even in the absence of the additional technicolor
interactions a hierarchy of the quark masses where the light quarks masses have the same size, the
charm and bottom masses are higher and similar and the top is the heaviest.
PACS numbers: 12.60.Cn, 12.60.Fr, 12.60.Rc
I. INTRODUCTION
One of the interesting candidates for a theory with dynamical symmetry breaking is the top condensate model
with its various extensions [1]-[9]. In [10] we presented a top condensate model from the perspective considered in
low energy QCD that not only two quark states but also four quark states might exist. Then the strong dynamics
suggested that the Higgs like particle discovered at the LHC might correspond to the scalar from an electroweak
triplet of four quark states composed of the top and bottom quarks. To make the model consistent one assumes an
extra strong top color interaction and also other additional particles and symmetries. Here we would like to discuss
the possibility of giving masses in this type of model to a part of the fermions in the standard model in a minimal
way without involving any elementary scalars or additional interactions. For that we will need to modify the set-up
depicted in [10] to include more Higgs states of two or four quark nature although we assume that the main part
of the findings there are still valid. Our purpose here is however to show that the model can generate the correct
hierarchy of masses for the quarks. We will delegate the problem of the Higgs states and that of the lepton masses to
another work.
The paper is organized as follows. We show in section II that the higher dimensional operators with standard
model interactions fail to generate the correct size for the masses of the light quarks. In section III we briefly review
some aspects of low energy QCD where four quark states might help to explain the spectroscopy of light scalar and
pseudoscalar mesons. Section IV contains an outline of the top condensate model proposed in [10] which contains
both two top and four top composite states. In section V we briefly discuss the basis of the top color theories and in
section VI we consider our version of the model. In section VII we present a summary and discuss in detail how our
model generates small masses for the light quarks (up, down and strange), higher masses for the charm and bottom
quarks and an even higher mass for the top quark.
II. FOUR FERMION INTERACTIONS IN THE STANDARD MODEL
The standard model is the most obvious example of a theory which below the scale of the Z and W bosons contains
four fermion interactions. It is known that quarks form condensates when the color interaction becomes strong
enough so the neutral-neutral currents interactions have the correct structure to contribute to the masses through
this mechanism.
For simplicity we will start by listing the four fermion diagonal interactions terms in the standard model. The
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2corresponding Lagrangian is:
Leff = −g
2
2cos2θWM2Z
J0µJ
0µ
J0µ =
∑
[gfLf¯Lγ
µfL + g
f
Rf¯Rγ
µfR] (1)
We will select from these only those terms which by fermion condensation may lead to mass terms, explicitly:
− g
2
cos2θWM2Z
[
∑
gfLf¯Lγ
µfL][
∑
gfRf¯Rγ
µfR] (2)
We will list below the four situations of interest in the quark sector. We denote a generic up quark by qu and down
quark by qd):
− g
2
cos2θWM2Z
(1/2− 2/3sin2θW )(1/3sin2θW )q¯uLγµquLq¯dRγµqdR
− g
2
cos2θWM2Z
(−1/2 + 1/3sin2θW )(−2/3sin2θW )q¯dLγµqdLq¯uRγµquR
− g
2
cos2θWM2Z
(1/2− 2/3sin2θW )(−2/3sin2θW )q¯uLγµquLq¯uRγµquR
− g
2
cos2θWM2Z
(−1/2 + 1/3sin2θW )(1/3sin2θW )q¯dLγµqdLq¯dRγµqdR. (3)
In the same order we list the leading contribution after a Fierz rearrangement of the terms in Eq. (3):
g2
cos2θWM2Z
(1/2− 2/3sin2θW )(1/3)sin2θW )q¯uqdq¯dqu + ...
g2
cos2θWM2Z
(−1/2 + 1/3sin2θW )(−2/3sin2θW )q¯dquq¯uqd + ...
g2
cos2θWM2Z
(1/2− 2/3sin2θW )(−2/3sin2θW )q¯uquq¯uqu + ...
g2
cos2θWM2Z
(−1/2 + 1/3sin2θW )(1/3sin2θW )q¯dqdq¯dqd + .... (4)
First a short look at the Eq. (4) shows that a light quark condensate leads to a mass term for the quarks proportional
to the chiral condensate such that:
mqu = −
g2
cos2θWM2Z
(1/2− 2/3sin2θW )(−2/3sin2θW ) 1
Λ2
〈q¯uqu〉
mqd = −
g2
cos2θWM2Z
(−1/2 + 1/3sin2θW )(2/3sin2θW ) 1
Λ2
〈q¯dqd〉. (5)
For a light quark vacuum condensate of 〈|q¯q|〉 ∼= −0.016 GeV these masses become:
mu = −4.31× 10−7 GeV
md = −2.63× 10−7 GeV. (6)
This shows that although the mechanism is right one cannot obtain only with the standard model interactions the
correct size of the quark masses.
III. REVIEW OF THE QCD ANALOGUE
It is known that the light scalar mesons can be fit into nonets [11] with regard to the global chiral group SU(3)L×
SU(3)R. The low energy spectroscopy of QCD suggests that these nonets might be an admixture of two quark states
with the schematic realization,
M ba = (qbA)
†γ4
1 + γ5
2
qaA, (7)
3and four quark ones for which there are three possibilities. The first one is that the four quark states are molecules
made out of two quark-antiquark fields:
M (2)ba = ǫacdǫ
bef (M †)ce(M
†)df (8)
Another possibility is that the four quark structures may be bound states of a diquark and anti-diquark. Here there
are two choices. In the first case the diquark is in 3¯ of flavor, 3¯ of color and has spin zero:
LgE = ǫgabǫEABqTaAC
−1 1 + γ5
2
qbB
RgE = ǫgabǫEABqTaAC
−1 1− γ5
2
qbB (9)
The matrix M has the structure:
M (3)fg = (L
gA)†RfA (10)
In the second case the diquark is in 3¯ of flavor, 6 of color and has spin 1:
Lgµν,AB = L
g
µν,BA = ǫ
gabQTaAC
−1σµν
1 + γ5
2
QbB
Rgµν,AB = R
g
µν,BA = ǫ
gabQTaAC
−1σµν
1− γ5
2
QbB. (11)
Here σµν =
1
2i [γµ, γν ]. The matrix M has the form:
M (4)fg = (L
g
µν,AB)
†Rfµν,AB (12)
It can be shown using Fierz transformations that the three four quark structures are actually linearly dependent.
We shall consider here for simplicity only the structures in Eq. (8).
IV. AN OUTLINE OF A TOP CONDENSATE MODEL WITH A HIGGS DOUBLET AND A HIGGS
TRIPLET
In [10] we considered a top condensate model where not only two quark states but also four quark structures
contribute to the dynamical breaking of the U(1) × SU(2)L symmetry. These fields correspond to a two Higgs
doublet:
Φ1 =
[
t†RbL
t†RtL
]
. (13)
and to two Higgs triplets, one with Y = 2,
χ++ = nb†LtRb
†
LtR
χ+ = nb†LtRt
†
LtR
χ0 = nt†LtRt
†
LtR, (14)
and the other one with hypercharge Y = 0,
ξ0 = n(t†RtL)(t
†
RtL)
†
ξ+ = n(t†RtL)(t
†
RbL)
†
ξ− = n(t†RbL)(t
†
RtL)
†. (15)
The full Higgs triplet then takes the standard form [12]:
χ =

 χ
0 ξ+ χ++
χ− ξ0 χ+
χ−− ξ− χ0

 (16)
4The fields in the model develop the vev’s:
〈Φ0〉 = a√
2
〈χ0〉 = b
〈ξ0〉 = b (17)
and the following relations consistent with the electroweak symmetry breaking hold:
v2 = a2 + 8b2
cH =
a
a2 + 8b2
sH = [
8b2
a2 + 8b2
]1/2. (18)
After spontaneous symmetry breakdown the model contains the charged states (according to the classification under
the SU(2) custodial symmetry [12]):
H++5 = χ
++
H+5 =
1√
2
(χ+ − ξ+)
H+3 =
a(χ+ + ξ+)− 4bΦ+√
2(a2 + 8b2)1/2
(19)
and the neutral states:
H05 =
1√
6
(2ξ0 − χ0 − χ0∗)
H03 =
a(χ0 − χ0∗)− 2√2b(Φ0 − Φ0∗)√
2(a2 + 8b2)1/2
H1 =
1√
2
(Φ0 +Φ0∗)
H ′1 =
1√
3
(χ0 + χ0∗ + ξ0). (20)
For simplicity we adopted in [10] the point of view that the Higgs doublet and the Higgs triplet do not mix with
each other. In this situation the strong dynamics suggests that the Higgs boson found at the LHC should be identified
with the neutral scalar corresponding to the Higgs triplet.
V. BRIEF REVIEW OF THE SIMPLEST TOPCOLOR MODEL
The top color models assume the existence of a larger topcolor group [2] SU(3)1×SU(3)2. This group is broken at
scale M by a scalar field which may or may not be composite down to the color group SU(3)C . The relation between
gauge fields AC1µ and A
C
2µ and the coloron (B
A
µ ) and color (A
A
µ ) gauge fields is given by:
AC1µ = cos θA
C
µ − sin θBCµ
AC2µ = sin θA
C
µ + cos θB
C
µ (21)
where,
h1 cos θ = g3 h2 sin θ = g3. (22)
Here h1 and h2 are the gauge coupling constants corresponding to the groups SU(3)1 and SU(3)2 respectively
whereas g3 is the QCD gauge coupling constant. The values h1 and h2 are chosen such that h2 ≫ h1 and cot θ =
5tHkL
uHpL
FIG. 1: A possible diagram with top quark loop contributing to the quark masses.
h2
h1
≫ 1. Upon integrating out the heavy colorons with mass MB =
√
h21 + h
2
2M one obtains the four fermion
interactions:
Leff = − 1
M2B
hAµh
Aµ (23)
where,
hAµ = g3 cot θ(t¯γµ
λA
2
t+ b¯Lγµ
λA
2
bL) +
+g3 tan θ(b¯Rγµ
λA
2
bR +
∑
i
q¯iγµ
λA
2
qi) (24)
Here the sum goes over the fermions of the first two generations. This type of quark assignment with respect to the
group SU(3)1 × SU(3)2 is not free from anomalies and requires the addition of other fermion states to cure that. In
the next section we will show how one can preserve the number of fermions of the standard model and get the correct
hierarchy of the quark masses in a particular version of the top color model.
VI. AN EXTENDED TOP CONDENSATE MODEL
We consider the top color interaction defined in the preceding section but applied only to the light quarks (up,
down and strange) and the top one.
We are interested in the four quark interactions which by color quark condensation can give masses however tiny
to the light quarks. Specifically the term,
−g
2
3 tan
2 θ
M2B
(
∑
i
q¯iγ
µλ
C
2
qi)(
∑
i
q¯iγ
µλ
C
2
qi)
≈ g
2
3 tan
2 θ
M2B
1
2
q¯iqiq¯iqi (25)
leads a mass of the light quark of the type:
mi = −g
2
3 tan
2 θ
2M2B
〈q¯iqi〉 (26)
Note that as opposed to the Fermi interaction this mass term is positive. Thus the coloron interaction can give
masses to the light quarks depending on the corresponding diquark condensates. We shall consider the SU(3) limit
where the up, down and strange quark condensates have the same value [11]: 〈q¯iqi〉 = −0.016 GeV 3. These masses
are very small due to two factors: we expect MB ≥ 246 GeV and tan θ ≪ 1. However in the presence of these masses
however small the four fermion coloron interaction with the q¯, q, t¯ and t quarks and with top quark loop as in Fig.
1 gives significant contribution to the light quark masses and should be regarded as an effective coupling of the light
fermions with the Higgs doublet. We assume that a similar mechanism works in conjunction with the four quark
components of the Higgs triplet this time coupled with four light quarks through dimension eight effective operators
with large coefficients.
It is hard to determine these couplings simply from the parameters of a strong dynamic theory so first we will try
to establish some qualitative picture. For that we first list the quark massees as taken from [13]:
mu = 2.3
+0.7
−0.5 MeV
6md = 4.8
+0.5
−0.3 MeV
ms = 95± 5 MeV
mc = 1.275± 0.025 GeV
mb = 4.18± 0.03 GeV
mt = 173.07± 0.52± 0.72 GeV. (27)
The light quarks up, down and strange quarks can be considered in first order as it is usual in low energy QCD of
the same mass. This means that as in our initial set-up they are all triplets under SU(3)1 and singlets with respect
to SU(3)2. The masses of the charm and bottom quarks are close but not small. We shall adopt here the point of
view that these two quarks have a similar behavior with respect to the groups SU(3)1 × SU(3)2 with the left and
right handed states divided between the two subgroups. The final assignment,
(uL, uR, dL, dR, sL, sR, bR, cL) are in (3, 1) of SU(3)1 × SU(3)2
(tL, tR, bL, cR) are in (1, 3) of SU(3)1 × SU(3)2, (28)
is dictated by the hierarchy of the quark masses but it is not free from anomalies. The anomaly cancelation would
require the addition of extra fermion states that we shall not discuss here.
The neutral coloron current in Eq. (24) will become:
hAµ = g3 cot θ(t¯γµ
λA
2
t+ b¯Lγµ
λA
2
bL + c¯Rγµ
λA
2
cR) +
g3 tan θ(b¯Rγµ
λA
2
bR + c¯Lγµ
λA
2
cL +
∑
i
q¯iγµ
λA
2
qi) (29)
where the sum
∑
i goes over the light quarks (up, down, strange).
In consequences the composite quark states in Eqs. (15) and (16) will be modified. The Higgs doublet will be:
Φ0 = x1t
†
LtR + x2t
†
LcR
Φ+ = x2b
†
LtR + y2b
†
LcR (30)
Here xi and yi are generic numbers to illustrate the fact that it is possible that the above structure corresponds to
two Higgs doublets.
The Y=2 Higgs triplet is modified to:
χ++ = y1b
†
LtRb
†
LtR + z1b
†
LcRb
†
LcR + p1b
†
LtRb
†
LcR
χ+ = y2b
†
LtRt
†
LtR + z2b
†
LcRt
†
LtR + p2b
†
LtRt
†
LcR + r2b
†
LcRt
†
LcR
χ0 = y3t
†
LtRt
†
LtR + z3t
†
LcRt
†
LcR + p3t
†
LcRt
†
LtR (31)
whereas the Y=0 Higgs triplet is:
ξ+ = v1b
†
LtR(t
†
LtR)
† + w1b
†
LcR(t
†
LcR)
† + q1b
†
LcR(t
†
LtR)
† + k1b
†
LtR(t
†
LcR)
†
ξ0 = v2t
†
LtR(t
†
LtR)
† + w2t
†
LcR(t
†
LcR)
† + q2t
†
LcR(t
†
LtR)
† + k2t
†
LtR(t
†
LcR)
†
ξ− = (ξ+)†. (32)
Here yi, zi, pi, ri, wi, qi, ki are generic coefficients.
For simplicity we wrote these states in terms of their SU(2)L and Y structures. Note that they may arrange
themselves in multiple Higgs doublets and triplets in accordance to their structure.
The final picture is that of an extended version of the standard model with multiple Higgs doublets and triplets. In
the actual conjecture it is hard if not impossible to determine which scalar state corresponds to the Higgs like particle
with a mass of 126 GeV found at the LHC. This topic is more complex and deserves a separate work. However by
composition the model gives almost degenerate masses to the light quarks (up, down and strange), higher masses the
charm and bottom quarks and even higher mass to the top.
7VII. DISCUSSION AND CONCLUSIONS
In essence we have the standard model of elementary particles with an extra gauge group SU(3)1 × SU(3)2 where
SU(3)2 is strong. This group is broken down to the color group SU(3)c by some mechanism and eight gauge bosons
receive the mass MB. For scales lower than MB these heavy bosons can be integrated out which leads to four fermion
interactions. Some of the quarks in the model like the top quark, left handed bottom and right handed charm have
the correct quantum numbers with respect to the strong group SU(3)2 to permit the appearance of composite states
and of strong vacuum condensates. These states form multiple Higgs doublets, which are two quark states and triplets
with a four quark structure.
We then assume that five of the quarks (or all of them) form chiral QCD condensate with the same value such that
one has a chiral SU(5)L × SU(5)R broken down to the diagonal part. Through the four fermion interaction these
quarks receive tiny masses as in:
mi ≈ −g
2
3 tan
2 θ
M2B
〈q¯q〉
mb ≈ − g
2
3
M2B
〈q¯q〉
mc ≈ − g
2
3
M2B
〈q¯q〉. (33)
where mi refers to the three light quarks.
Then through diagrams as that depicted in Fig.1 the quarks couple with the scalar condensates in the model. This
would correspond to effective couplings of two fermion states with the Higgs doublet and of four fermion states with
the components of the Higgs triplets.
We can estimate only the relative contribution of these condensates to the masses:
m′i ≈ g32X
m′b ≈ g23
cot(θ)√
2
X
m′c ≈ g23
cot(θ)√
2
X
xmt ≈ g23 cot2(θ)X (34)
Here X correspond to an effective vacuum average expectation value in the model and the proportionality factors
are estimated from the square of the operators. The mass of the top quark has contribution from both two and four
quark vacuum condensates and x = −1+
√
5
2 measures the two top quark condensate contribution (see [10] for details).
Note that the quark assignment considered in the present version of the model may lead to flavor changing neutral
currents among the lightest quarks. However even by taking into account the current experimental limits on these
which set a lower bound on the coloron mass one can still achieve the correct mass for the top quark provided that
either the top coupling constant of the two top quark composite state is very small or the mass of that state is very
high (see [10]). Both cases eliminate the two top quark composite state as a candidate for the Higgs boson with a
mass of 125− 126 GeV found at the LHC.
We can rewrite the content of Eq. (34) as,
mi = tan
2(θ)(xmt) = f1(θ)
2m2b = 2m
2
c = tan
2(θ)(xmt)
2 = f2(θ), (35)
in order to get rid of the unwanted X factor.
In Fig. 2 we plot the function f1(θ) as compared to the light fermion masses to show that for values of tan
2 θ ∈
(0.0005, 0.0008) there are solutions that correspond to an average light quark mass in the interval 0.06− 0.095 GeV.
In Fig. 3 we plot the function f2(θ) to obtain that for the same interval for tan
2(θ) there are solutions that interpolate
between the two heavy quarks masses. Thus there is an acceptable solution for θ that agrees with Eq. (35). Moreover
this solution also satisfies the requirement tan θ ≪ 1 of a topcolor theory.
The model is very complicated and has a complex dynamics which may justify further corrections to the masses.
A next step would be to consider a possible mixing between the composite Higgs multiplets existent in the model.
The problem of leptons masses and that of the Higgs particles in this framework will receive an extensive treatment
elsewhere.
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FIG. 2: Plot of the function f1(θ) (yellow line) as function of tan
2(θ). The light quark masses, mu (purple), md (blue) and ms
(green and purple) are represented as horizontal bands.
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FIG. 3: Plot of the function f2(θ) (yellow line) as function of tan
2(θ). The heavy quark function of the masses 2m2c (blue),
2m2b (purple) are represented as horizontal bands.
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